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V 

ABSTRACT:  Centrally  boosterlng  one  pound  oast  TNT  spheres 
resulted  In  obtaining  air  blast  peak  pressures  about  15 
per  cent  below  the  accepted  values .  Placing  the  booster 
half  In  and  half  out  of  the  surface  of  a  one  pound  cast 
TNT  sphere  resulted  In  a  detonation  that  produced  the  ac¬ 
cepted  peak  air  blast  pressures,  A  larger  7.9  pound 
spherical  cast  TNT  charge  was  fired  to  show  that  the  ac¬ 
cepted  values  of  blast  could  be  obtained  by  central  In¬ 
itiation  providing;  the  charge  was  large  enough , 

It  was  noted  that  the  secondary  shock  was  In  a  decid¬ 
edly  different  location  for  a  poor  detonating  charge  as 
compared  to  charges  yielding  the  accepted  values  of  peak 
pi»eBsure . 

The  effect  of  poor  detonation  on  Impulse  was  about 
half  as  much  as  It  was  for  peak  pressure. 
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The  work  described  In  this  report  was  done  In  order 
to  demonstrate  the  difficulty  of  detonating  sioall  charges 
of  TNT  and  to  warn  those  using  small  charge  TNT  data  of 
the  possible  pitfalls  of  poor  detonation.  This  work  de> 
scribes  a  number  of  ways  of  recognising  poor  detonation 
In  TNT  and  a  successful  way  for  boosterlng  a  one -pound 
spherical  TNT  charge.  This  work  was  performed  under 
Task  N0L-Re2c-2-l-.53. 
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AIR  BLAST  RESULTINO  FROM  THE  DETONATION 
OP  SMiALL  TNT  CHARSES 


INTRODUCTION 

1 ,  Elxpcrlmental  work  haa  in  the  paat  Indicated  that  TNT 
la  a  fairly  troubleaome  exploalve  to  detonate  high  order. 
Unpublished  work  recalled  by  people  from  the  Underwater 
Exploalve  Research  Laboratory,  UERL,  indloatea  that  cy¬ 
lindrical  TOT  eharg-£a  In  small  weights  (under  one  pound) 
very  often  detonated  poorly  both  In  air  and  underwater. 
Unpublished  experimental  work  at  UERL  further  Indicated 
that  the  best  way  to  detonate  a  cylindrical  charge  la  to 
use  a  booster  located  half  In  and  half  out  of  one  of  the 
ends  as  contrasted  with  a  booster  centrally  located  or  a 
booster  canpletely  outside  the  charge  on  one  end. 

2.  The  experience  of  the  air  blast  group  at  the  N^.»dl 
OMnance  Laboratory  In  the  recent  past  has  Indicated 
that  a  one  pound  spherical  charge  of  TNT  centrally  de¬ 
tonated  by  a  45  gram  spherical  pentollte  booster  gave  a 
peak  p*'eaaure  blast  effect  that  would  be  expected  by 
three -fourths  of  a  pound  of  TNT  and  a  positive  Impulse 
blast  effect  of  nine -tenths  of  a  pound  of  TNT.  Poor  de¬ 
tonation  was  suspected  as  the  cause  of  this  effect.  This 
report  will  discuss  the  experiment  designed  to  detez*mlne 
whether  poor  detonation  was  the  cause  of  this  effect  and 
If  so  how  to  detonate  properly  one  pound  of  spherically 
oast  TNT.  This  experiment  will  also  show  that  the  scal¬ 
ing  laws  for  peak  pressure  for  one  and  eight  pounds  of  TNT 
apply  when  detonation  is  proper. 


DESIGN  OP  EXPERIMENT 


3.  Six  7.9  pound  charges  of  ct^st  spherical  TNT  centrally 
Initiated  with  a  0,5  pound  spherical  pontollte  booster 
were  fired  as  the  control  shots  since  It  was  known  that 
these  charges  detonate  properly  (reference  (a)).  Six  one 
pound  spherical  charges  of  cert  TNT  centrally  Initiated 
with  a  45  gram  spherical  pentollte  booster  were  fired  In 
order  to  repeat  the  poor  performance  of  these  charges 
that  was  previously  obsei^od.  Six  on©  pound  spherical 
cast  TNTi'  charges  were  flrad  In  which  the  45  gram  spherical 
pentollte  booster  way  located  half  In  and  half  out  of  the 
surface  of  the  sphere  of  TNT.  This  was  an  attempt  to  get 
Buccecsful  detonation  of  a  sphere  by  techniques  described 
for  cylinders.  When  mounted  for  firing,  those  charges 
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were  oriented  with  the  booeter  vertically  above  the 
charge  center. 

4.  All  of  the  above  charges  were  fired  with  an  Engineer 
Special  detonator.  Charges  and  gages  were  placed  on  a 
horizontal  plane  12  feet  in  the  air.  A  plan  view  of  the 
set-up  Is  shown  In  Pig.  1.  Measurements  of  peak  pressure 
were  made  by  the  velocity  method  (reference  (b)),  using 
the  two-cap  method  for  wind  and  sound  velocity  measure¬ 
ments,  Pressure-time  measurements  wexwj  made  by  tourmaline 
plezo-electrlc  gages  using  conventional  techniques,  (ref¬ 
erence  (c)).  Briefly  these  techniques  involve  the  use  cf 
cables  leading  the  tourmaline  plezo-electrlc  gage  signals 
back  to  the  recording  system.  The  recording  system  ampll-^ 
fiss  these  signals  and  impresses  them  on  the  deflection 
plates  of  a  cathode  ray  tube.  The  resulting  deflection 
of  the  cathode  ray  spot  Is  photographed  as  a  function  of 
time  by  a  rotating  drum  camera. 


ANALYSIS  OP  THE  DATA 

5.  Peak  pressure  was  calculated  by  the  application  of  the 
peak  pressure -shock  velocity  relation  derived  from  the 
Ranklne-Hugonlot  equations,  references  (b)  and  (c).  Pos¬ 
itive  impulse  was  calculated  by  Integrating  under  the 
positive  phase  of  the  pressure -time  curve  Includintr  that 
portion  of  the  secondary  shock.  Pig.  5#  that  is  In  the 
positive  phase.  The  pressure  scale  for  the 'pressure -time 
records  was  determined  from  the  pressure  as  meaaured  by 
the  velocity  method  for  the  particular  shot  and  distance 
rather  than  by  a  gage  calibration.  Allowance  was  made 

for  the  effect  of  finite  gage  size  In  inducing  the  apparent 
peak  height  in  the  pressure-time  records. 

6.  In  pig.  2  graphs  of  peak  pressure  versus  reduced  dis¬ 
tance  show  clearly  the  poor  results  obtained  by  central 
Initiation  of  one  pound  bare  spherical  charges  of  east 

TNT  In  comparison  to  similar  charges  detonated  with  boosters 
half  In  and  half  out  of  the  spherical  surface.  Pig.  2  shows 
also  that  central  initiation  for  the  7.9  pound  apher®  of 
TNT  producea  air  blast  peak  pressures  that  scale  to  those 
obtained  for  the  surface  initiation  of  the  one  pound  spheres 
and  also  that  the  slope  of  the  pressure  distance  eux^es  for 
surface  Initiation  of  the  spherical  charge  Is  essentially 
as  for  central  Initiation.  These  results  are  in 
agr®er«ent  with  provious  7.9  pound  results,  reference  (a), 
which  are  In  turn  the  accepted  values  at  cea  level  for  TNt 
when  detonation  lr>  conolderod  high  order. 
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7.  Table  I  la  a  compilation  of  the  experimental  peak 
pressure  results  and  Table  II  Is  a  compilation  of  the 
experimental  positive  Impulse  values  obtained  from  all 
shots  In  these  tests. 

8.  The  table  below  expresses  the  results  of  these  ex¬ 
periments  In  terms  of  the  ratio  of  the  weight  of  TNT 
detonating  In  the  accepted  manner  to  the  weight  of  TNT 
In  the  test  charge  that  will  produce  the  same  blast 
effect  at  the  same  distance. 


Charge  Description 

Peak  pres- 
sure  Results 

positive  im- 
pulse  Results 

7-9  pound  Spherical  Cast  TNT 
with  central  0.5  lb  spheri¬ 
cal  pentollte  booster 

1.00 

One  pound  Spherical  Cast  TNT 
with  45  gram  spherical  pento¬ 
llte  booster  embedded  half  In 
and  half  out  of  spherical 
surface 

1.01  +  .03* 

1.00 

One  pound  Spherical  Cast  TNT 
with  central  45  gram  spheri¬ 
cal  pentoli  c  booster 

0.81  i  .02 

0.91 

♦Standard  error. 


9.  Examination  of  the  pressure-time  records.  Pig.  5, 
reveals  an  Interesting  effect  on  the  8econdai*y  shock. 

For  the  two  types  of  charges  producing  the  accepted 
blast  parameters  for  TNT  the  secondary  shock  stared 
elose  tc  the  atmospheric  pressure  level.  For  th»  ;>harge 
producing  blast  less  than  the  accepted  TNT  values  the 
secondary  shock  occui*red  decidedly  earlier  In  time  with 
respect  to  the  primary  shook,  pig.  4  shows  graphlGJ?5lly 
the  tlr.e  dlffei*enoe  between  primary  and  secondary  chock 
as  a  function  of  distance  for  the  two  kinds  of  on©  pound 
TNT  ohargec  flrod. 


CONCLUSIONS 


10.  TITT  can  glvo  erroneouc  air  blaot  roEultc  whon  In¬ 
itiation  iB  not  proper.  Th©oe  crroncouo  result©  can 
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be  obtained  as  eonalatently  as  the  accepted  results.  In 
these  experiments  central  initiation  of  one  pound  of  TNT 
produced  peak  pressures  about  13  per  cent  lover  than  sur¬ 
face  initiation  of  the  same  one  pound  spheres  of  TNT. 

11.  The  location  of  the  secondary  shock  on  the  time  base 
relative  to  the  primary  shock  may  yield  information  as  to 
the  quality  of  the  detonation.  Proper  detonation  in  TNT 
in  these  experiments  placed  the  secondary  shock  furthest 
away  in  time  from  the  primary  shock,  see  Fig,  5.  The 
slope  of  the  pressure -distance  curve  for  the  surface  In¬ 
itiation  of  the  spherical  charge  compared  to  the  centrally 
initiated  charge,  appears  to  be  the  same  in  the  region 
measured . 

12,  The  effect  of  the  poor  detonation  on  positive  impulse 
was  about  half  as  much  as  it  was  for  peak  pressure. 
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